The enterotoxin elaborated by Clostridium perfringens type A has been demonstrated to be the etiological agent of C. perfringens food poisoning in humans (3, (14) (15) (16) 18) . The enterotoxin is produced only during sporulation of the cells (8) and is released upon sporangial lysis (4) . This toxin has been shown to produce diarrhea in rabbits (6) , lambs (13) , monkeys (7, 16) , and humans (26) , fluid accumulation in ligated intestinal loops of lambs (14) , rabbits (6) , and chickens (21) , and erythemal activity in the skin of rabbits and guinea pigs (10, 24) . To date, several laboratories have purified this protein by a variety of methods (11, 12, 22, 25) . Enterotoxin is usually purified in our laboratory by the method of Stark and Duncan (25) , which involves chromatography on Sephadex G-100, Cellex T anion exchange, and hydroxylapatite columns. Recently an affinity chromatography method for purifying the toxin was reported (23) . This method is rapid but yields toxin with a much lower specific activity than that reported by Stark and Duncan (25) . In this paper we describe a rapid preparative polyacrylamide gel electrophoresis method for the purification of the enterotoxin from C. perfringens type A extracts. culture was then heat-shocked at 75°C for 20 min prior to incubation at 37°C for 16 h. The fluid thioglycolate culture was then transferred (2%, vol/vol) into Duncan and Strong sporulation medium (5, 25) and incubated at 37°C for 7 to 8 h. After harvesting at 4°C, the cells were disrupted by sonic treatment, and debris was removed by centrifugation at 12,000 x g for 20 min at 4°C. The resultant cell extract was used for further purification of the enterotoxin.
MATERIALS AND METHODS
Sephadex G-100 chromatography. Sephadex G-100 gel was swollen in 0.05 M tris(hydroxymethyl)aminomethane buffer (pH 7.6) containing 0.1 M KCl and 0.02% sodium azide and poured into a column (2.6 by 70 cm) as previously described (23) . Approximately 80 to 100 mg of protein was loaded for each column run, and elution was accomplished with the same buffer. From several column runs, fractions containing toxin, as confirmed by immunodiffusion assay, were pooled, dialyzed, and concentrated as previously described (24) .
Preparative polyacrylamide gel electrophoresis. Preparative electrophoresis was done in a Buchler Poly Prep 200 apparatus. The cooling jacket was maintained at less than 10°C during polymerization of the gel and throughout the electrophoresis run. The polyacrylamide gel (7% acrylamide) was prepared by the method of Davis (2) . A gel 5 cm long was usually prepared from 100 ml of acrylamide solution. Gels prepared as short as 2.5 cm in length proved equally satisfactory and had decreased running times in order to elute the desired protein band. Upper-run buffer consisted of tris(hydroxymethyl)aminomethane (3.0 g) and glycine (14.4 g ); lower buffer was the same but at twice the concentration. When filling the lower chamber with buffer, extreme care was taken to insure the removal of all air bubbles that could interfere with electrophoresis. After polymerization of the donut-shaped gel (about 1 h), the surface of the gel was rinsed with upper buffer before filling the upper chamber with buffer for electrophoresis. After further insuring that all of the air bubbles were removed from the elution chamber and that the elution buffer was flowing freely up the elution capillary, the sample was applied to the gel. Bromophenol blue tracking dye was added to the sample (25 to 75 mg) solution to give a faint blue tint. Sixty percent sucrose was added to a final concentration of about 10 to 15% sucrose. This facilitated layering of the sample on the gel. Electrophoresis was conducted at a constant current of 100 mA for the first 30 min and then continued at 175 mA for the remainder of the run. After the tracking dye had completely entered the top of the gel, the upper and lower buffers were both pumped at 1.25 ml/min, and the elution buffer was pumped at the rate of 0.45 ml/min. Approximately 2-ml fractions were collected, and the toxin-containing fractions determined by their positive immunodiffusion reactions. Positive fractions were then pooled, dialyzed, and concentrated for further studies.
Analytical polyacrylamide gel electrophoresis. Analytical gels were prepared with the same reagents used for the preparative gels. Both electrophoresis buffers had the same concentration as the preparative upper electrophoresis buffer. Gels were electrophoresed at 3 mA/gel until the bromophenol blue tracking dye was about 1 cm from the end of the gel tube. After electrophoresis, the gels were fixed in 12.5% trichloroacetic acid and then stained for 60 min with 0.1% Coomassie brilliant blue G250 in 12.5% trichloroacetic acid. Destaining was accomplished with 7% acetic acid. Densitometer scans were obtained with a Zeineh Soft Laser densitometer (Biomed Instruments, Inc.).
Protein determination. Proteins were quantitated by the Lowry et al. method with crystallized bovine serum albumin (Sigma Chemical Co.) as the standard (19) .
Isoelectric focusing. Gel isoelectric focusing was performed with 6% acrylamide gels according to the MRA Corporation Bulletin no. M137-A-71. Ampholines (pH 3 to 6) were purchased from LKB Producter. Proteins were focused in the gels at 1 mA/tube until the voltage reached 400 V. During the remaining 5 h of the run, the voltage was held constant at 400 V. Focused gels were stained by the methods of Malik and Berrie (20) . The pH gradient was determined by slicing a blank gel into 0.5-cm sections and eluting these for about 4 h in a capped vial containing 0.5 ml of freshly boiled distilled water. Immunodiffusion was done in an agar layer consisting of a solution of 1% Noble agar (Difco), 1% NaCl, and 0.01% Merthiolate. Antiserum used for immunodiffusion was prepared against purified enterotoxin from C. perfringens type A as reported by Stark and Duncan (24) .
Biological activity. Biological activity of the enterotoxin was determined by measurement of the size of the erythema produced when suitable dilutions of toxin were injected intradermally into depilated guinea pigs as previously described (24) . Figure 1 illustrates an elution profile obtained from a 7% preparative polyacrylamide gel loaded with enterotoxin partially purified on Sephadex G-100. A continuous broad absorbancy pattern results, which, as described by Chrambach and Rodbard (1) , is often characteristic of preparative polyacrylamide gel profiles. This apparently occurs as a result of high dilution associated with continuous elution and because of overlapping distribution curves of the protein components. Immunodiffusion assay revealed positive precipitin reactions for fractions 19 through 25 and weakly positive reactions for fractions 16 through 18 and 26 through 29. Fractions were numbered from the first tube containing tracking dye, which usually eluted in one or two fractions. Neither fractions (about 10) collected before elution of the dye nor those collected up to 4 h after the toxin had eluted revealed any serological activity with anti-enterotoxin serum. Analytical 7% polyacrylamide gels, with a stacking gel, were used to ascertain the purity of the serologically positive fractions before they were pooled. Figure 2 shows a gel of a pooled, dialyzed, and concentrated sample comprised of fractions 20 through 26 (Fig. 1) . Earlier and later serologically active fractions contained contaminating proteins. Some electrophoretic heterogeneity of the toxin is evident from the faint protein band immediately cathodal to the main toxin band. This has been shown previously with purified enterotoxin (23) . An additional faint band at the cathode end of the gel did not occur consistently with the purified toxin and may represent aggregated toxin or contaminating protein. It tivity and recovery from this preparative electrophoretic run are illustrated in Table 1 . Enterotoxin purified by this method showed the same properties (molecular weight, mobility in gels, isoelectric point) as previously reported (24, 25) .
RESULTS AND DISCUSSION
With this method, the recovery of biological activity ranged from 80 to 91%, with specific activity values ranging from 4,500 to 6,400 erythemal units per mg of protein. Purified toxin has been obtained from preparative gels loaded with 15 to 75 mg of protein, but highest purity was obtained when less than 50 mg was loaded.
Elution of the toxin was usually accomplished within 2 to 3 h after initiation of electrophoresis for a 5-cm-long gel, or in a proportionately reduced time for a shorter gel. Comparable recoveries and specific toxin activities were obtained with this technique as compared with the chromatographic procedure of Stark and Duncan (25) , but the time required was significantly reduced. In comparison to affinity chromatography (23), the preparative method produces greater amounts (due to the increased loading capacity of the gel) of higher-specific-activity toxin in a similar time period. The preparative electrophoresis was not satisfactory for purifying enterotoxin from crude cell extracts.
This method has also been useful in isolating a fast-migrating protein band that has been observed in some toxin preparations in our laboratory. This protein component reacts serologically with anti-enterotoxin serum. It exhibited a mobility, relative to bromophenol blue tracking dye, of 0.87 to 0.90 in 7% acrylamide gels, and eluted in one or two fractions about 25 min after elution of the tracking dye. The immunodiffusion slides had to be examined carefully to avoid missing the faint precipitin reaction in this fraction. This protein also produced a weak erythemal reaction that could be neutralized by anti-enterotoxin serum. Ferguson plots (9, 17) (Fig. 3A) indicate that the toxin and the fastmigrating toxin band differ significantly in their charge. Although the weight of the highly charged protein is not significantly greater than the toxin (Fig. 3B) , one might speculate that a small, highly charged fragment is lost from the fast-migrating toxin, which results in decreased mobility of the purified toxin. Thus, 
